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  摘  要 
I 
摘  要 
喹唑啉类和吲哚类生物碱是许多天然有机化合物和药物的核心结构。这些结
构独特、具有抗肿瘤等活性的化合物得到了人们的广泛关注。细胞毒性生物碱
chaetominine (1)是南京大学谭仁祥实验室于 2006 年从南沙参叶优势内生真菌－
毛壳菌种 IFB-E015 的固相培养基中分离出的一种次级代谢物，它是具有全新骨
架的一种三肽衍生物。与目前常规抗癌药物 5-氟尿嘧啶相比，chaetominine (1)















R = COCH3, COC2H5
(  )n

























































二、从 D-谷氨酸出发，在研究 chaetominine 的不对称全合成过程中，发展了



















































































(n= 2, 4, 6)
(R)-苹果酸
R = THP




关键词：天然产物  仿生合成  多米诺反应  差向异构体 chaetominine  DMDO  
















Quinazolines and indole alkaloids are structural units found in a number of natural 
organic compounds and drugs. Their diverse structures and interesting bioactivities, 
such as anti-tumor activity, have attracted much synthetic attention. Chaetominine (1), 
an alkaloidal metabolite with a new framework, was characterized from the 
solid-substrate culture of Chaetomium sp. IFBE015, an endophytic fungus on the 
apparently healthy Adenophora axilliflora leaves. Chaetominine shows higher toxic 
than 5-fluorouracil against the human leukemia K562 and colon cancer SW1116 cell 
lines, 5-fluorouracil is currently one of the most frequently prescribed anti-cancer 











Pine sawflies are harmful forest pests in recent years. Because the sex pheromones 
of pine sawflies (Scheme 2) are imported from abroad for its studies, a synthesis of the 
sex pheromones of pine sawflies is urgent for our country. 
OR
R = COCH3, COC2H5
(  )n
n = 2, 4, 6
 
Scheme 2 
In view of the importance of the above two themes, the purposes of this paper are to 
develop: 1. a concise, efficient and mild biomimetic synthesis of chaetominine; 2. to 
undertake the total synthesis of sex pheromone of pine sawflies from the (R, 
S)-1,3-butanediol, (R)-malic acid and (R)-ethyl-3-hydroxybutanoate respectively. The 
main results and observations from these studies are listed as follows: 
1. Starting from D-tryptophan and L-Alanine, a efficient biomimetic synthesis of 
chaetominine (1) was achieved in four-step with an overall yield of 26.2%; At the 















of 32.7% (Scheme 3). Moreover, the absolute configuration of them is identified 
through crystal diffraction. Compared with the published literature, this route is more 
































2. In the course of exploring the asymmetry total synthesis of chaetominine from 
D-glutamic acid, the synthesis methods of 3-aminopiperidine-2,6-dione and 
























Ⅲ Ⅳ  
Scheme 4 
3. The total synthesis of an epimer mixture and some optical isomers of sex 
pheromone of pine sawflies were achieved from the (R,S)-1.3-butanediol, (R)-malic 
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Ac                  acetyl / 乙酰基 
AcOEt               ethyl acetate /乙酸乙酯       
Bn                  benzyl / 苄基 
Boc                 tert-butoxycarbonyl group / 叔丁氧羰基 
Cbz                 benzoyloxycarbonyl group / 苄氧羰基             
DBN                1,5-diazabicyclo[4.3.0]non-5-ene /  
1,5-二氮杂二环[4.3.0]壬-5-烯 
DBU                1,8-diazabicyclo[5.4.0]undec-7-ene / 
                    1,8-二氮杂二环[5,4,0]十一烯-7 
DCC                N,N’-dicyclohexylcarbodiimide / N,N’-二环已基碳二亚胺 
DCM               dichloromethane / 二氯甲烷 
DIBAL              diisobutylaluminum hydride / 二异丁基铝氢 
DIPEA              N,N-diisopropylethylamine / N,N’-二异丙基乙基胺 
DMAP              4-N,N’-dimethylaminopyridine / 4-N,N’-二甲氨基吡啶 
DMF               N, N’-dimethylformamide / N, N’-二甲基甲酰胺 
DMDO              dimethyldioxirane / 二甲基双环氧乙烷 
DMP                Dess-Martin Periodinane / Dess-Matin 高价碘化合物 
DMSO              dimethylsulfoxide / 二甲亚砜 
EDC (EDCI)       1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide, hydrochloride 
                    1-(3-二甲氨基丙基)-3-乙基碳二亚胺盐酸盐 
Et2O                diethyl ether / 乙醚 
HOBt               1-hydroxylbenzotriazole / 1-羟基苯并三氮唑 
HOSu (NHS)         N-hydroxysuccinimide / N-羟基琥珀酰亚胺 
iBu                 isobutyl /异丁基 
Imid.                Imidazole / 咪唑 
LAH                lithium aluminum hydride / 氢化锂铝 















m-CPBA             m-chloroperoxylbenzoic acid / 间氯过氧苯甲酸 
Me                 methyl / 甲基 
NBS                N-bromosuccinimide / N-溴代琥珀酰亚胺 
NMM               N-methylmorpholine / N-甲基吗啉 
Ph                  phenyl / 苯基 
PPTS               pyridinum p-toluenesulfonic acid / 对甲苯磺酸吡啶盐 
Py. (pyr.)             pyridine / 吡啶 
TBS (TBDMS)        t-butyldimethylsilyl / 叔丁基二甲基硅基 
TEA                triethylamine / 三乙胺 
TFA                trifluoroacetic acid / 三氟乙酸 
TFAA               trifluoroacetic anhydride / 三氟乙酸酐 
THF                tetrahydrofuran / 四氢呋喃 
THP                tetrahydropyran / 四氢吡喃 
TLC                thin layer chromatography / 薄层色谱法 
TMS                trimethylsilyl / 三甲基硅基 
Troc                2,2,2-Trichloroethoxycarbonyl / 三氯乙氧基羰基 
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个药物，具有手性中心的就有 1026 种，占 57%。现在市场上只有 61 种药
物是以单对映体形式存在，其余均为外消旋体(左、右旋各半)混合形式[3]。
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售额为 350 亿美元，而至 1997 年年销售额约增加到 400~600 亿美元，1999
年世界药品市场有 1/3 为手性药物，2000 年增加到 40%，全球销售额达到
1330 亿美元，2002 年全球 500 种畅销药物中手性药物有 289 种，占 59%，
专家预计 2008 年达到 2000 亿美元，2010 年可望超过 2500 亿美元。 
本实验室多年来一直致力于不对称合成方法学研究和天然产物的全合成研
究。目前，已经发展了以 L-苹果酸和 L-谷氨酸为手性源，基于手性合成砌块苹
果酰亚胺 A 和 3-羟基戊二酰亚胺 B 的不对称合成方法。完成了一系列天然产物
的全合成，如(-)-epiquinamide、(+)-preussin、haliclorensin、常山碱(febrifugine)、
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2. 从 D-谷氨酸出发，通过两条路线，分别经过中间体 3-氨基-2,6-哌啶二酮
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